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. 4/ttmi[i (O. •) ^.fcUfQ. 8^m«lg ■) ) IZML. mn±iZ^y^ 

mz±^ Ltc (O: 14 0*^^400^, □:65;&^^>180Q)„ 
[0 0 6 7] 

[0 0 6 8] 

mz. ms (b) ^z^•t^^^zzIy■$t^h:i^-}V3 0\H^z. 'if'^^Si^mm 

hdN-;i/3 O0[)jg®$:ni^yf->:j7*-r-5o 
[0 0 6 9] 

^>;J^lCj:oT, h3fx-;i/3 OJgBf®^ >^X7^>')12 6 c 

5^>j^2 6 c;^)^m:^bT=b*^**)«eb> gtl^. 3 > ^ ^ h ^ > ^{f X 
^ym:2 6 c®3:-/^>^^'S:^ToT%J:V^„ 
[0 0 7 0] 
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^^bs^u =i>ii2 9_hic, cvDm^h<it:^/-^y ^mc^ijmt^^yms i 

±{c^^b5^^?>m^?^^b, $ e>JC^^>JlS:?^^b:t3M®«»l^ (Ti/T 
iN/Ti) (Dm. Ti/TiN, Ta/TaN/Ta, Ta/TaN#CD^M 

[00 7 1] 

r-?cvAT% m^ti/v nyms 3%:CYDmiz^ i)mm-t^. 

[0 0 7 2] 

^^:v^T% BB^^2 5(Z)^^i:IW«lc, m2MiB«l?^f!^^^MJ^±<Z)^^bi/U i3 

{b$/Uzi>M3 2 ^:iiy^yif-t^^LiliZ^i}mUm3 4 $:?^^-r-&o 
[0 0 7 3] 

r^cic, mums 4\f3^^tim^ttyv uym3 3±izm^t^^yiD^^tjt^Avr 

M3 5 a S:XA-/^^=foL<l±CVD^CJ; y^i^b, ri^V^-e, /^UTM3 5a 
±IC, ^^3 5 bS:X/1^y^Slca:*;?^^g-t^c 3C^I^®^M^#ld:, ^1^2 6 

[0 0 7 4] 

mz. mmm3 4,M<Dmm3 5 bfeJ:tJf7N'UTM3 5 a$:CMPlCi: Ul^sS 
bT@B^3 5 ^J^mt^o 
[0 0 7 5] 

rJkV^T% @H^3 5 (mm3 5b) JllC ^ > ^X-r > L < li^^fe^ 

M-^'^&z:iHzJ:i)mm3 5±iz^y^:K^ym3 5 c ^^#^6^=fe) L < li^^e^ 
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[0 0 7 6] 

01 oic^t-<J:-?ic. mitiyV::iyms 3i5J^x:^mms 5 (^^yffy.^ 

[0 0 7 7] 
[0 0 7 8] 

7Ji{C, ^^=bb<ttCVDSlC<fc y^'fb^^>|g3 9 a ^j^mb#> c 

VD^ICJ:U ^?>^*X5^>m3 9 b ^rJ^fig-r-Sc ^i^CV^T% n > ^ ^ h jJn-;!/ 3 8 
J6A^1^®^ffc^^>M3 9 ai3J:tX^>^*X5^>J^3 9 b ^rCMPtC J; *Jli?5feL, 

[00 7 9] 

m^be/U I3>M3 7^j:t>*y^^3 9±lC5^^>M=foL< tt^^t:^^> 
1^4 0 a, T;i/5-'i?-M^4 0 b fei:tJf^>fI:^^>ll4 0 c rtl 
^«MllS:mM®?^^^lC/\-^ > -5 r il iC J: »J ^/"^ ^ 3 9 Jt* T'®^-^ S 

iB$S4 o^m^-r^. 

[0 0 8 0] 

7i^vM?, 01 1 ic^-ri:e)ic. mm4: o^^x^miti/vnyms i±izm^tty 

Vnym4: 1 -SrCVD^lck yii^Lit^, ^.(Dmitty V nym^ l_hlzSOG 
1^4 2 :i® SOGm4 2 $!?^fig-rsriitCi: y, IB^4 0lCJ:y^ 

CfcI!!IiaS:5FJfi^bi--5r i:*^-e^S„ S0GM4 2JiJCCVDMJCJ;UT 

EOSm^O^fbS/U 3>|^4 2 a S:0^bT=feKv^c 
[00 8 1] 
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se^C, mi(^4. 0(Dny^ ^ hm^±<Dm^tiyV nym4: 2 8 0 0^4 2 
feJ:tKMi/U =i>j^4 1 $:Ji-/^>^flcJ: y|^*-r-5o ^vnT, gei^40CD=i 

o 

[0 0 8 2] 
[0 0 8 3] 

•t^^tlZ^ijmm^ S(D—m (xK^T^^r >yA^y K^) $:Sm$-&-5o Mv^T 

[0 0 8 4] 
[0 0 8 5] 

ii(Dmiz^3mmmM3i3^nf$4.mmMM4: timmhx^^^^. 

ll3Mg2ilSM3feJ;t>*m4MSB^M4 t), 01 J: O^H 2 MIB^ 2 6 . 3 5 i: |hJ 
mizm^L> ®Hi^^®lClj:^>^X7^>MM3 c, M4 c*^?^^$tl<&o 

m3mmmii^4mmmt(Dm(0':f'^ifp 3 t3^xj^m4mmm}ir/v^=-^Msm 
Wi4:iBt<Dm<D-:f^!7'P4},t. :/^^3 iiB^x:^3 9 tmmizm^-t^^ zizlt- 

, 49, 51, 53, 55 mitiyV nymx:&^). 50, 52, 54, 56 
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[0 0 8 6] 



[0 0 8 7] 

D 1? s :t «?) ^ « w& -r . 

[0 0 8 8] 

H6 (a) IZ^-t^m^m^llZVi.. pM^a:;i/3 Ji^i:tJJnM'i7:n;i/4_tlC 
, ^tl^tlLDDCLightly Doped Drain) :^ig(Z)y->?., F l/>f > 
■v:t^;VMMI S F ETQn^3J:U^p^-v:^;i/MM I S F E T Q p 5&^?^^$ tl, * 
i£;^^^^^llM^2J:^C^^l^R, #^^R$:^c»«e^lll 3feJ;tJf$fe^)^ 
1 3_h©§I^ffiL«Ml 4 jb^e>^smm*^^:^)'^?^^$tlTvve„ $e>ic, :itie> 

isFET(?)y->; - Fb>r>'®^±i3J;tJfsm^^±icPM-rs>^^^2 i** 

[0 0 8 9] 

r®i:-5^^^#a*gi ^rniib. 013 (a) {cat-r<fce>c, M^^^mi 

m2 3 SrCVD^lC 
[0 0 9 0] 

^S?^V^t:^ 013 (b) ic^f^fc-^tc ^ 1 MSBB^^^^Ml^iW^^bS^ U 3 
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m^t H n >M 2 3 Oo: ^ > ^fb U 3 >m 2 2 t^^zc ^ > iJ^'^ tilt < 

, ^^bS>U ii>]^2 3 *^a:-/^>^*$4^^V^^#*t?^T^o rj^V^T, ^^fci/yzi> 
M2 2}^)•x-/^>^'$tl^v^^#T'^:-/5^>^f&^f e>c 3®i;^lc, ^^bi/Un 

U 13 >m 2 3 S: ttg??^^ b T =b J: ^^c 
[0 0 9 1] 

bt^i/ni/Nr^ig^liS 0 0 mm, ^mflE:dl*0. 2mTorr (0. 2X 
1. 3 3 3 2 2 X 1 0"lp a) ^MIUTO^tt 2 0 "ClJft^SI^ta^li 3 

OOTC<Z)^#T% ¥MT'ff$0. 4 fim(Dmm^m^-t^>o ^>CV^•r^ Mtc^S 
^tfi-tfT — -;K ISTorr (15X1. 33322X1 O^P a) 

, 4 3 ox:<Dyi^mnmM.^i'V2^mmm^n^. ^(Dmmn. mmmmo^m^tm 

IolJ:$ -frS feib lCi?f e) . 

[0 0 9 2] 

o BP*., tJ?->5f^y hh'>X7\r^jSilli3 0 0mm, ^l^Jffi:dttO. 2mTorr 

(0. 2X 1. 3 3 3 2 2 X 1 o"ip a) jgjiT> ^mtjmumit 1 0 X: . Mmm 

(Dm^^WM-t^^tiz^ijmm^ ^^mmizi5\^^xmmG o o nm 

(Dmm^m^t^o mi 4 (a) tpizit. zi<Dmm:^^y^miz^^)mm^tir^m 
m2 6h(D^m^mir„ ^fe, mmiy-Fm^cvDmiz^i)j^mvx^^\>^o 

[0 0 9 3] 
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(Ti/TiN/Ti) (Dm. Ti/TiN. Ta/TaN/Ta, Ta/Ta 
N ^cD^MIl S: M v> s - i: T'^ S „ 
[0 0 9 4] 

r>cic. El 4 (b) c^-rj:e>ic. mmm2 5M(Dmm2 6h^^nAvr 

M2 6 a S:CMPlCj:y ||^^bTga^2 6 ^rJ^^f-Sc 
[0 0 9 5] 

^^V^T% 015 (a) ICatfi: e> IC. Igi^ 2 6 (^Ig 2 6 b ) ±IC > ^Xt^ 
>$:S^^«%L<«^$fc^:R$i^SZ:i:lCj:y, BB^2 6JtfC2~2 0 nm^ 

m<D^y^:7s'rym2 6 c^mm-t^o ^>^^^-5^>M2 e c^, 0. 

STorr (0. 3X1. 33322X10^Pa), ^^^^^4 6 0"C-e, -7 
-yVC^l/^y^f-y (WFg) §^45 sec, ii^m (Hg) S^*5 0 0 s c c<Z)^# 
TT% 1. 5^^^S$:^f^ rt{C<t»J?^fife-f--g>„ 
[0 0 9 6] 

[0 0 9 7] 

TiN, Ta, TaN, WN^b<tt^fc, ^5f > ^ 
TiN, Ta, TaN, WN^ L < ttN i M#%@HliS 2 6 _h®^-V 
^^^^miSMi: LT^MT'^e. r3T% ^ >^*X5^>©^*n:jbV5'-2 0 i2 • 
c mhT i NC0^4x8 O — lSOjtiQ-cmJ: U V> Zl h 7b^ ^ > 

[0 0 9 8] 
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[0 0 9 9] 
[0 10 0] 

@B^^2 5t^icm]^2 6 b $:a«)5itf|^®S*br»^^^. gB^2 6?^ 
^^^y^^*^^D^^^T'^oT=b (02 2 (a) ) , @Ei^ 2 6 ^tSJC ^ > 

^R5®#^^ffe)ri:*^T-^-5 (02 2 (b) ) „ 

[0101] 

#tC, _LxEL/7^J:-plC, Mff 2~2 0 nm@g©^>^-:^7^>©^:g{^, ^ic 
6!J<£JE ( 1 T o r r (1 X 1. 3 3 3 2 2 X 1 0 a ) J[JilT) "C^f O Zl il^'^nf 

[0 10 2] 
[0 10 3] 

?^ic. 015 (b) izB-tJ^oiz^ mitt/Vnymz 3i3^XJ^mn2 6±iz. 
mitt/Vuy^^2 8. miti/Vnym2 9. m^ti^Vnyms 2^^ZJ^mitiyV 
ny!^3 3^m^kCYDmizj:i}mm-t^o r3T% mitiyVnyims 2it. m 
mms 4:^j^m-t^^<D:r-y^y'!fP.hyA-tLX. m^tt^V nym2 
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[0104] 

mz. ®i6 (a) \zm-t^oK. mm2 ^(Dziy-iiif vmm±o^WLiti/'^)n 

[0 10 5] 

^?CV^T^ ai6 (b) lC^t-cfce)C, I3>^?^7 h7j>-;u3 0|^^'g-tJ^>fl:e/U 
3>M3 3_tJC;KMR&jLmt)b<l±U>:>'X hm3 3 a n^^^ h/Js- 

;i/|^^MIifR&JtJ^^L<ttl^S;^'XhM3 3 aT'iS«?)jit?o $e>lC, ®17 (a) 
lC3^-rJ:-^lc, ^2MiB^?^^^^MiicS:^PLfc-7* hl/i^:^ (S^-fr-T 
) ^v:^^ic, SIJR&ihm=bb<ttl/e;?x hl^3 3 a, m^bi/U n^l^s 3 

^y^>^''-r-5:!:i:lcj:»;iSi^m3 4 $:?^^-r€>„ h/iN-;P3 op^ 

Jci±, )KMR&ihl^t)b<l±l/e/'xM^3 3 a^^a^-tSo n:y^^r^3J^- 

[0 10 6] 

a±®x^jc<fcy, El 7 (b) lc^-rj:^Jc, ^2M@Bf^M<Z>M^«3 4 
[0 10 7] 

3 4$:?^mbfe^, @2«i^3 4|^$:;KMB&ihm^T'tIi*7i*^, miMmm±(Dzi 
;V3 0 S:?^J^LT=b <^:V^„ 



3 1 
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[0 10 8] 

m^ttyVnymz Sn^nmmz 6±izm^\:i/V n>M2 9^j;tJf3 3(>Dmff$: 
[0 10 9] 

>|^3 3 (A=feb<l*Cjie) 35)^01 ^y^>i/$tl^V>^#T^f -5 c iS?cVAT% ^fb 

[0 110] 

[0 111] 
[0 112] 

018 (a) \z^-tiir)\z^ feiS^3 4 fej:t3fn>^^ h7}x-;i/3 0 
Sr-g-tf^-fbt/U 3>i^3 2±lC^^b^^>*^^;&'5AUTM3 5 &^7./^v^m 
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it. T i/T i N/T iM^©«MMtt-^ r i:%T^^S„ 
[0 113] 

mis (b) iz^-t^-oiz^ i2^^3 4 h3fN-;i/3 0^ 

^(Dmms 5 bfcj:t>V'?UrM3 5 a S:CMPlCj:y|^*bT, iBI|3 5i3<fct;f 

iH^3 5 nmnz 6t.<Dmm^^mm-r^o 

[0 114] 

r©J:e)lC, 5':3.T;i/i5f x'^^^^lcj: IB^ms 5 feiitJ^n^^^r hj}>--;b 

3 oi^{ci^^{cm)K3 5 b m2mmWit.f^immm^(Dmmi!)K 

mi^S 5 b-^-ffc^^^S 5 a-^^ijT'XT^^S 5 c-^1^2 6 b iltjt^r:ii^m 
[0 115] 

01 9ic:^-rJ:-?fc> iB^3 5 mm3 5 h) ±iz^ y ^x^y 
n^^i)L<itm^^M-^-^^^t.lz^ y 2*^b 2 0 Timmm(0^y^'':7.y^ym 

3 5c ^mm-r^. ^y^y^^^ymsb dt. m 

^It. 0. 3Torr (0. 3X1. 33322X10 a), ^^MS4 6 
Ot:-e, WFg^45 s c c, HgSSa 5 0 0 s c c 1. 5^ra^ll5: 

[0 116] 

it)^tf^^mmiZj;:i). 82^3 5 (^113 5 b) ±®*ilC^ > ^X^>3b^^^6^lC 
^:R=foU<tt> miti/Vnyms 4:±^ijmm3 5±iz^y'!r:;^^yi)'^m%miz 

[0 117] 

ziy-H^ b/iN-;b3 o?^^CD||^=b L < lin^^jf h5jN-;i/3 oig®© 
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[0 118] 

(DmftLfj:-ox\f^r^mm^m(Dm\:yv nym^. ^y^ry^sT-ym^h-r^z-nff^ 

ziy ^ V^m^m':>t=.m^\ziB\^x^9y ^y^'rymfimm.^^T.iL 

tstijuy'H^ h^m^:r.tij^x^^.^. (02 4#M) i;mm<Dmmixmmhr=. 

[0 1 19] 

^^iz. mm(Dj^mnz:iB\f^x. mzQ^^mi^tj^ap^mrnvr^m^j. ^y^ 

[0 12 0] 

%tz.. ^y^7.7-y<om.. T i N. Ta, TaN, WN^ b < «N i ^Sr^lE 
m±\zmm.-t^z.t.%mxm^ff^. 9y^:7.^y<D^m.fi'^^ — 2.0uQ. ' cmt 
m^\t. T i N<Z)^tl8 O'- 1 5 0 ict Q • c m<j; U /Jn$ V> r ^ ^ ^ > iJ^Xt^^ 

[0121] 

r^^JC. 02 OlC^-rj:^)^. ^-fb^^U =i>'|K3 3 J3J;tKK^3 5JblC. ^^S/ 
y I3>m3 6fei:0^>fbi/U 3>m3 7 S:CVD^lC<fc y Jilgri^c?^^b/b#. 

li]6i®?^Mi©^-^i:iii^-efe-5^«?)^®#$ffl;&m^tt#iife-r'2>o *7t. 12^4 

o±\zmity')nym:^ l^^-^X^Xl^^-^tx^^-mM^. 3 fe<ktJtfS^4 3±{c^ 
^be/U n>i^4 4 fej;tJf^'fl:i/U :3>M4 5 S::frbT?^^$#l-g) A>>^T^«^ 
4 7^j;tJ^A>^«a4 8=fo||Jfe®?^^l ii|^:^©XgT??^J^$tl'5fe*b, ^(D 
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[0122] 
[0 12 3] 

^2Mi2^3 5_tic>/'^^*3 9^i;tvx7jv^-^2^mB4= 0 ^mmht^ttK m 

(3Mc. 4Mc) nj^mm^ti^o 

[0 124] 

imM(Dmmnz^^^xit.m7 cb) , mt^o^mziz^yi^xitmi 9#m) . 

^>^*x5^>j^2 6 c. s 5 c±izmttyVnym2 8. 3 6fe<fct?^>ffci>i;z2 
>M2 9, 3 7 S:?^^L>fe:6^ 02 5 (a) ^^XJ^ (h) iZ^-t^^iZ. ^y^ 
X7^>m2 6 c, 3 5 c_hlC^l>^3ih^i/e/^>$:Mf4^*Xi:LTCVD^JC 
i: yJi^bfe^-fbi/U I3>m (Jei^TTEOSj^i:V>e>) 328, 3 3 6$:^<?^ 
fifeU, •e®±SlCTEOS]^J;y^«^(Di£V%$6i^jl (m«^4Je/^T) 3 2 9, 
3 3 7 ^J^^bTt; J;V>o ^fe. TEOS|^3 2 8, 3 3 6 IC^;^T> J^fb^/U 

=1 ym^cr^mm s: ^ u n t l t % a v>c 

[0 12 5] 

Z^<D^^\Z^ ^y ^T.^T-y'^il^ Q.^ 3 5 c±lCTE O S|^3 2 8, 3 3 6$: 

mnmo^^^^mwmz 29, 337 $:?^^-t4x«. 4^#^icm«tii^^M®m#o 

flf J^^fc gl 3 ^ *^ T' ^ S c 
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[0 12 6] 
[0 12 7] 

tt=.. mmmmms 29.33 i (Dmrn^cDJimit. mmcDmmi^^nmm 

[0 12 8] 

imm(Dmmnzi5\f^x\tm7 (b) , ^^fe®?^^2^cfev^T^iHl 9#m) , 

^>^;^-5^>|g2 6 c, 3 5 c±lzmiti^Vnym2 8^ 3 Gis^nmittyV n 
>m2 9, 3 7S:J^^LfcA^ 02 6 (a)fej:t?(b) iZ^-t^Z>lZ. ^>if 
:^5^»^2 6c, 3 5 c±lzm^tt/Vziym. P SCm^h < limit tyV:3ym 

m0m(Dmm^m±'^^mi:(o:^^mmm4 2 8, 433 ^m^v. ^<o±miz 
, :i(Dmmm4: 23, 4 3 e j: yM«^oD<sv^'^gMmM3i^^:^)^e>^s$fe^)g4 2 9 

, 4 3 7 S:?^^bT^ J:VN„ z:®<g^«>^3|S|■*^e>:feSi!ifei^]^4 2 9, 4 3 7 iCli 

, ^«^4jeAT®$ei^]^*^#if teosj^, siopm, mm^ 

[0 12 9] 

r©<t^lC, i?>^:^^>Jg2 6 c, 3 5 c_tlC^^b^Un>j^^4 2 8, 4 

3 6^mm-tnit. ^y^':^y^>m2 6 c, 3 5 c <Dmm-fy'^^^xtst\>^m^iz-j3 

V^T=fe;^'^bi/U :3>|^^4 2 8, 4 3 6 IC J;oT^®^>fbi/U :3>]^4 2 8, 4 
3 6^i:t)fTEOSlK4 2 9, 4 3 7 ^Otfeffc^rgSih-t-g) r i:3b^T'^-5o 
TEOS^4 2 9, 4 3 7tt, OTT'fe U itgefi^iSMmT'^S fei?)> 

[0 13 0] 
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[0131] 

t-^. i&mnunf}^htji^mum4. 29,43 t <Dmm^<DJimt. mM(Dm 

[0 13 2] 

mm<Di^m 5 > 

njso^mi fej;t)f^ig®?^M2Tii, ^M2 6b, 3 5 b^cDCMP^, m 

i^2 6, 3 5(Z)^ffi{C^>ifX7^>m2 6 c, 3 5 c L < 

^r>^^*X5^>m2 6 c, 3 5 cj^^ttfic, r^^Oi: e»>Sttara^^fo 

[0 13 3] 

mi^2 6b, 3 5 b OCMP^ (||;^®?^Ml ^CfeV^Ttt0 7 (a),^Sg<7) 
?^ffi2lC^V>TliSl 8(b) #M) . (^1^2 6 b, 3 5 hi^^nW. 

ft:t/un>m2 3, 3 3^®) $::7^y^f:7K^ (HF) ^mmoymwwL-vmwvfz. 

Se^2 6, 3 5JilC^>^Jfy?.^>1^2 6 c, 3 5 c L < li#5fe 

[0134] 

Zl® J;e)lC, @B^2 6, 3 5_hlC^>^*>^>7=->]^2 6 c, 3 5 c 

h<\%m%m^-^-^^m\z^ mwimm^yvita^m (hf) s:-^tj^MT'?^^f^-t 

^fb^>y □t>|^Jt©^^;i/?^^*^X>y5^>^$tl<5fe«) (02 7 (b) ) 

z:i:A^l?#S (®2 7 (c) ) . rtllcMLT, ^1^2 6 b, 3 5 b^(Z)CMP 
m'fbi/U3>m2 3, 3 3 J:lC?§^;t^;i/*^#:SEL:fe^'^, 02 7 (a) tC 
^■t cfc ^ ict^^^ ^ ;i/ Jttc % > y X 7^ > L T b * ^ o 
[0 13 5] 

®2 8 (a) li, :7^y^b;!K^ (HF) o it^-^ (^^^^2 

0#: B, ^OiS^raeO^: C) -yvitHf^m (HF) ^^itT'O^^^ff t)^ 
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[0 13 6] 

H2 8 (a) iZm-t^^lZ. -^vitTi^m (HF) mW.X'(Dm^%:nt>tJ^iJ^^t=. 
m^'. Alt. ^W^*)iy^S 0%mmX':&^mzML. yyiti^m (HF) 

(Dmt^^n^r=.m^it. ^mmmf)^2 o# : b, e o# : c(DM:^ii^^m^ »; 

lii 0 o%7?feo:fec 

[0 13 7] 
[0 13 8] 

(imm<Dmm e ) 

HJgOJ^Ml S<fct>*llife©?^®2-eid:, mil26b. 3 5b^C?)CMP 
^>iB^2 6, 3 5(D^ffilC^5?>^X^>Ig2 6 c. 3 5 c b < 

^$?>'^X7^»^2 6 c, 3 5 cmmmiz. iXcD^otstmmm 

[0 13 9] 

mj^2 6b, 3 5b®CMP^ (imm(DmmiKi5\f^Xitm'7 (a) , ^IfeCD 

?^S2icfev>Ttt0i 8 (b) #m) , m^mmizMh. m^it. 4 3 ox:, 1 

OTorr (10X1. 33322Xlo2pa) ©^#Tl?. zK^Mi^gS: 1 ^ 
[0 14 0] 

ZL(DJ:oiZ. MBZ 6. 3 5_tlC^>;/X5^>M2 6 c, 3 5 c ^M^f^^^ 
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